Carbohydrates, in the form of oligo-and polysaccharides are elaborated from simple sugars by glycosyltransferases and are usually degraded by glycosidases. Because of the many possible isomers of a simple monosaccharide, there is an enormous chemical diversity of structures in oligo and polysaccharides.1)In addition, carbohydrate structures are sometimes 'decorated' by non-carbohydrate substituents such as various esters. Moreover, chemically simple homopolysaccharides such as cellulose, chitin or starch display extensive physical diversity and heterogeneity depending on the source, due to different aggregation states, different crystallinity or different amount of branching points. Finally, the intrinsic variability of the carbohydrate moiety of glycoproteins, glycolipids and other glycoconjugates plays a central role in many intraand intercellular recognition processes.2) The colossal chemical and physical diversity of oligo-and polysaccha rides requires an equal diversity of enzymes for their selective biosynthesis and biodegradation. The diversity of these enzymes has long posed the problem of their classification.
The family classification of carbohydrate-active enzymes. The simplest (and earliest) enzyme classification system is that based on substrate specificity. Such a classification is the basis of the recommendations of the EC numbers of the International Union of Biochemistry and Molecular Biology (IUBMB).3) There are, however, problems with such a classification system when it comes to carbohydrate-active enzymes. Most importantly, the classification based on substrate specificity fails to reflect the 3-dimensional structure and the molecular mechanism of these enzymes. For example, the IUBMB classification places cyclodextrin glucanotransferases (EC 2.4.1.19) and starch branching enzymes (EC 2.4.1.18) in the transferase class. However, this does not reflect the clear structural, evolutionary and mechanistic relationship of these enzymes with the large a-amylase family.4) Inversely, enzymes like the endoglucanases display a similar substrate specificity and hence identical EC numbers while they show totally unrelated structures.5,6'
Finally, the substrate specificity-based system is inadequate to handle the ever increasing amount of uncharacterised ORFs originating from genome sequencing efforts.
To circumvent these problems, we have proposed a novel classification system for the glycosidases in 1991, based on amino acid sequence similarities.7) It was anticipated that the system would prove useful both with the fast growing number of glycosidase genes being sequenced and with the increasing number of 3-D structures being solved. The principle of this new classification system is simple: regardless of activity and of substrate specificity, sequences which display significant similarity are grouped in the same family, while sequences displaying no apparent similarity are assigned to different families. 7) Thirty five families were found upon the analysis of the first 300 sequences of glycosidases and related enzymes available in 1991.7) The most immediate observation made from the sequence-based families is that many were `p olyspecific, ' i.e., contained enzymes of acting on different substrates. Several of the initial ;monospecific' families (i.e., containing only one EC number) turned out to be `polyspecific' with the biochemical characterisation of other family members. The polyspecific families demonstrate that the alteration of substrate specificity of glycosidases is a common evolutionary event, and that the substrate (or product) specificity of a glycosidase is governed by details of the 3-D structure, and not by the global fold. Because the catalytic machinery is subjected to the most intense evolutionary constraints, the new classification system was also expected to correlate with the molecular mechanism of glycosidases. Gebler et al. 8) have shown that, indeed, the molecular mechanism (i.e., retention or invertion of the anomeric configuration at the site of cleavage) is strictly conserved within the active members of a given glycosidase family.
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Appl. Glycosci., Vol.50, No.2 (2003) With the accumulation of efforts throughout the world, the number of glycosidase families has grown over the years9,10)and reaches 89 in September 2002. A similar strategy was subsequently applied to other carbohydrateactive enzymes such as the glycosyltransferases.11)More recently the sequence-based classification was extended to the polysaccharide lyases, the carbohydrate esterases and the various carbohydrate-binding modules carried by all these enzymes.
CAZy: the carbohydrate-active enzymes server. To make our family classification system easily available through the Internet, we have created the Carbohydrate Active enZYmes server (CAZy, http://afmb.cnrsmrs.fr/CAZY).12)CAZy gives access to the various families of carbohydrate-active enzymes (glycosidases and transglycosidases, glycosyltransferases, polysaccharide lyases and carbohydrate esterases).
CAZy provides curated non-redundant sequence and structural information on carbohydrate-active enzyme families. As of September 2002, CAZy includes over 14,500 proteins and ORFs belonging to more than 3300 organisms. The proteins are arranged in over 200 families and cover 180 EC numbers. The CAZy web site features -300 HTML pages with over 50 ,000 external links. Over 750,000 pages have been downloaded from CAZy externally since launch in September 1998. The server is regularly updated, in general at least once a month.
The families of carbohydrate-active enzymes in the era of genomics. One hundred organisms have seen their genome fully sequenced (September 2002) and over 500 other genomes are currently at various stages of sequencing (Genome Online Database; http://wit.integratedgenomics.com/ GOLD/) . The sequence-based families of carbohydrateactive enzymes provides an efficient tool for the expert annotation (e.g., prediction of the function, fold and mechanism) of ORFs found during genome sequencing. With the availability of a number of completely se quenced genomes, one can also search and make a census of all the carbohydrate-active enzymes contained in a genome. Once done for several genomes, the global content of carbohydrate-active enzymes of different genomes can be compared.
Such an analysis of the completely sequenced archaeal genomes has shown that several of these organisms apparently do not contain any glycosidase at all (Table 1) , raising the possibility that these organisms can live without recycling themselves the oligo-and polysaccharides that they produce.13)With the exception of Pyrococcus furiosus, Sulfolobus sulfataricus and Sulfolobus tokodai, the number of glycosidases is low when compared to the number of known glycosyltransferases, suggesting a limited number of metabolic routes for carbohydrate degradation by most Archaea. Table 2 reports the global carbohydrate-active enzyme content of 62 bacterial genomes. An immediate observation is that the organisms which contain the largest number of glycosidases (Streptomyces coelicolor, Xanthomonas axonopodis, Xanthomonas campestris and Clostridium acetobutylicum) are involved in plant cell wall interactions either for a saprophytic (S. coelicolor, C. acetobutylicum) or a symbiotic (X. axonopodis, X. campestris) relationship with plants. In is interesting to note that the 62 carbohydrate-active enzymes of Thermotoga maritima do not represent a particularly large absolute value. However, when compared to the overall number of genes, these 62 ORFs amount to 3.3% of the coding regions, making T. maritima the organism sequenced so far with the highest percentage of genes coding for carbohydrateactive enzymes.
More refined analyses can be performed on carbohydrate-active enzyme families involved in particular metabolic pathways. Recently, we have searched 55 completely sequenced bacterial genomes for enzymes involved in glycogen metabolism. Only 5 protein families are necessary to trace the presence of a glycogen metabolism in bacteria. While many bacteria have such enzymes, a significant proportion do not. Interestingly we have found Families of Carbohydrate-Active Enzymes in Genomic Era 
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